Controlled dehydration of macromolecular crystals can lead to significant improvements in crystalline order, which often manifests itself in higher diffraction quality. Devices that can accurately control the humidity surrounding crystals on a beamline have led to this technique being increasingly adopted as experiments become easier and more reproducible. However, these experiments are often carried out by trial and error, and in order to facilitate and streamline them four European synchrotrons have established a collaboration around the HC1b dehydration device. The MAX IV Laboratory, Diamond Light Source, BESSY II, and the EMBL Grenoble Outstation/ ESRF have pooled information gathered from user experiments, and on the use of the device, to propose a set of guidelines for these experiments. Here, we present the status and automation of the installations, advice on how best to perform experiments using the device, and an analysis of successful experiments that begins to show some trends in the type of protocols required by some systems. The dehydration methods shown are applicable to any device that allows control of the relative humidity of the air surrounding a macromolecular crystal.
INTRODUCTION
When initial crystals of biological macromolecules become available, they are often too small to be useful or do not exhibit the diffraction properties required for successful structure determination. Therefore, the first task is to improve the quality of their diffraction properties. There are a multitude of methods that exist to do this, from optimization of crystallization conditions and changing the construct that is used for crystallization 1 all the way to working on the obtained crystals themselves by applying postcrystallization treatments. 2, 3 Usually, a number of rounds of optimization are required. 3 One of these postcrystallization tools is the dehydration of crystals. This can be performed either by the removal of water in the mother liquor or by controlled reduction of the relative humidity (RH) surrounding the crystal. This technique has been known to alter the properties of crystals since Max Perutz's pioneering experiments in the 1940s. 4 Since then, many examples have been found, but these occurred often by accident 5−16 rather than design. 17−27 In an effort to characterize and control these effects, several devices have been developed in order to control the humidity surrounding crystals. 28−30 The more recently developed devices have been designed with the goal of being compatible with X-ray sources in order to directly observe the effects of humidity on the diffraction characteristics of the crystal being studied. 31−33 These devices moved the study of crystal dehydration into a new realm as humidity could be controlled precisely while monitoring the effects through diffraction, but they were often difficult to install on rotating anode generators or synchrotron beamlines. The latter limitation stimulated the development of a new device at the EMBL Grenoble Outstation, the HC1b. 24, 34 The HC1b produces an air stream with controlled relative humidity using a dispensing nozzle, in the same manner as cryostream devices produce a nitrogen flow at 100 K, and is therefore easy to integrate with most diffractometers. It supplies a stream of humid air at a precisely controlled RH determined by a dew point controller acting on a water saturated air supply. The device is now installed at laboratories and synchrotrons across the world, resulting in many successful experiments; for some recent examples see refs 21 and 35−38. However, the technique still lacks a set of general rules or conditions, meaning that many experiments are performed by trial and error. This led to a collaboration between European Synchrotron sites (EMBL/ ESRF, Grenoble, France; Diamond Light Source, U.K; BESSY II, Germany; and the MAX IV Laboratory, Sweden) to cooperate on the installation of the devices, gather information from experiments, and develop rules and tools for best practices in dehydration experiments (see http://www.embl.fr/ CrystalDehydrationCollaboration). Here we present the status of the installations at the different sites, the automation of some of the steps required, basic guidelines for experiments, and examples of successful experiments. We also present some analysis that hints at the protocols that should be used for different samples.
MATERIALS, METHODS, AND RESULTS
2.1. HC1b Dehydration Device. The HC1b 34 produces an open stream of air at room temperature with the RH adjustable between 45% and 99.7%. The stream is dispensed by a nozzle designed to use the same mounting as the cryostream devices usually installed on X-ray diffractometers. Crystals are placed in the air stream mounted on mesh loops. The HC1b nozzle is connected via a 1.5 m tube to a control unit containing a generator of water saturated air, a condenser, and control electronics. The system monitors the temperature of the condenser to produce an air flow at the desired RH. The controller is connected via a dedicated ethernet link to a Windows or Linux PC with control software that can be operated either locally or remotely. In local operation, the user changes the RH set point, or starts procedures for dehydration in steps or ramps, monitoring the readout of RH on a chart. Automated experiments can be implemented by writing scripts in Python and are triggered from within the HC1b software or from a Python console. In remote mode, the machine is controlled by higher level softwaresuch as a beamline control package allowing dehydration protocols involving humidity scans, data collection, and data analysis. In this mode, the HC1b software is accessed through a server interface and the GUI is optional as the software can be started as a console application. Servers are enabled in the HC1b software by selecting one of the supported communication protocols: standard protocols (Web Services, RMI), typical beamline control systems (e.g., Tango, Tine, and Epics), or an EMBL protocol (Exporter) which has client libraries in C, Python, and Java. The HC1b has been commercialized and is available from Arinax (www.arinax.com). 39−42 The devices have a dedicated GUI allowing the control of functions as well as predication and refinement of RH equilibrium points. However, coupling the device to subsequent data acquisition and analysis is a more complex operation. At the ESRF/EMBL beamlines a workflow tool, DAWN, 43 has been developed that integrates control of the HC1 with humidity gradient design, data collection, and data analysis through the beamline GUI MXCuBE. 44 The workflow allows the user to define a RH gradient based on target RH and equilibration time and couples each step to automatic data collection and analysis using EDNA 45 that will run the programs LABELIT, 46, 47 MOSFLM, 48 and BEST 49 and output charts based on the results. By coupling all of these steps, a typical experiment becomes increasingly reproducible and the analysis consistent. The DAWN workflow tool allows separate steps, such as control of devices or Python scripts (called actors), to be connected in order to link data analysis and instrument control. In this case, TANGO control actors communicate with the HC1 and existing EDNA characterization actors were used to build up the experiment workflow. Users interact with this, and other workflows, through a dedicated tab in MXCuBE allowing interaction at specific points, as the information in the tab changes dynamically. Data are stored in the beamline database ISPyB, 50 and an html page is produced in MXCuBE displaying the various image quality indicators and results of indexing against the RH. Once a phase transition has been characterized, protocols can be repeated without data collection to allow the final protocol for optimization to be performed without exposure to X-rays.
Integration of the
On BM14, a nozzle changer (REX, www.arinax.com) that allows for the fast exchange (less than 1 s) between a cryostream and RH controlled streams has been installed. This allows the flash cooling of dehydrated crystals without manual intervention. The REX also facilitates changing between cryogenic and room temperature or dehydration experiments.
2.2.2. Diamond. Two devices are currently available for use on all Diamond MX beamlines (I02, I03, I04, I04-1, and I24) as well as in an offline laboratory. Since beamline hardware is not identical, small changes have been made to make the environments compatible. A pneumatic assembly that allows the automatic exchange between cryogenic and HC1 nozzles has been installed on beamlines I02, I03, and I04; the assembly also allows samples conditioned using the HC1 to be cryocooled within 2 s ( Figure 1A ). Installation on I04-1 and I24 requires the intervention of the beamline staff but is normally completed within 10 min. The laboratory setup is equipped with a video microscope and a holder with a capacity of five samples ( Figure  1B ). These samples are mounted on standard magnetic holders making it simple to condition numerous samples and subsequently cryocool them for X-ray analysis. The offline setup is used in combination with scheduled beamtime to increase efficiency. The laboratory is either used after diffraction experiments, to optimize the conditions found at the beamline, or beforehand, to allow the exploration of broad dehydration space before the refinement of dehydration protocols.
Software control depends on the location of the HC1; the generic HC1 software is used in the laboratory and EPICS IOC at the beamline. In the laboratory, the GUI is used to control the RH as well as predict and refinement of RH equilibrium points. At the beamline, the generic GUI runs in the background controlling the device as an EPICS software IOC and users interact with their experiments using the beamline control software, GDA, which communicates with EPICS. Initially, simple scripts were used to drive dehydration protocols and collect data, but a perspective has been developed in GDA to make the dehydration experiment as intuitive as possible. The perspective is divided into four areas: crystal imaging and centering, RH plot, RH control, and a data collection input table. Users plan their dehydration protocols in separate stages. Each stage consists of an independent number and type of hydration/ dehydration steps that can include waiting times, images of crystals, and/or data collections. Data analysis is currently performed using the Diamond MX pipeline tools. Diffraction images are analyzed with EDNA 45 and MOSFLM. 48 Indexing and strategies are automatically calculated and data are stored in the beamline database ISPyB, and an html page summarizing results is displayed for the users. In the future, it is planned to implement tools similar to the ESRF/EMBL workflows coupled to feedback in GDA and to be able to receive user input for the difficult to index projects. (BESSY II) . At the HZB, the HC1 is installed on the fixed-wavelength beamline BL14.3. 51 This beamline is equipped with a MAR-dtb goniometer and a MX225 CCD detector. The beamline can be easily switched between HC1 operation and operation using a cryostream within 10 min. For sample viewing, a high resolution video microscope has been installed which is interfaced to the HC1 operating software. Currently, there is no direct link between beamline operation and HC1 operation. The installation of MXCuBE 44 on this beamline is planned, thus alleviating the need to switch between two different computer programs during an HC1 experiment.
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2.2.4. MAX IV Laboratory. The HC1 at the MAX IV Laboratory is installed at the multiwavelength beamline I911-3 at the MAX-II storage ring. 52 This beamline is equipped with a MD2 (ARINAX, Moirans, France) and a MX225 CCD detector (MAR research, Norderstedt, Germany). A CATS automatic sample changer is also installed and is used to harvest crystals conditioned by the HC1. Under normal operation of the beamline, a cryostream is used to maintain the samples in a stream of cold nitrogen. This can be replaced by the HC1 within 10 min. Because the MD2 provides an on-axis microscope view of the sample, this viewing system is interfaced with the HC1 operating software. In the present setup the HC1 software is used standalone, while data collection is performed with MXCuBE. The full integration of HC1 control within the MXCuBE environment is foreseen.
2.3. Experiment Setup, Design, and Protocols. Much has been learned from the use of the device at the various sites, and this has been distilled into a general protocol that should be followed for initial dehydration experiments ( Figure 2 and Table  1 ). No two systems require the same protocol, but for initial experiments a standard workflow can be employed. Figure 2 shows the detailed steps in the process, and the main actions are described here and in Table 1 . First, the RH starting point must be found by determining the RH in equilibrium with the mother liquor (see section 2.3.1 for further details). Second, the crystal is subjected to slow dehydration while monitoring diffraction characteristics. This step is performed using RH steps between 0.5 and 2% with an initial target RH of 10% below the equilibrium point. The equilibration time required correlates strongly with crystal size and microcrystals or thin plates (<20 μm in their largest dimensions) require ca. 1 min for equilibration, whereas large crystals (>200−500 μm in their largest dimensions) require ca. 5 min. This step allows phase transition points to be determined. Phase transitions are characterized by significant changes in unit cell dimensions, diffraction intensity, or space group. If no phase transitions are found, diffraction is lost completely over a narrow RH range as the lattice breaks down, but diffraction can often be recovered by returning the RH to the starting point. This is in contrast to phase transitions, where degradation in diffraction quality is often observed as the lattice rearranges, but diffraction is not completely lost. This is demonstrated in a movie (see the Supporting Information) showing the loss of diffraction from crystals of the TANK binding kinase. 53 For comparison, a phase transition observed between a RH of 99.0 and 97.0% for crystals of photosystem II, as previously described, 24 is also shown. The movie shows diffraction images from the starting point of 99% to 97.5% RH where diffraction is completely lost, the final image shows the recovery of diffraction after the RH is returned to 99%. In these cases, dehydration will not usually be successful with the system being studied and the experiments can be terminated. However, if phase transitions are observed, a large variety of protocols may need to be employed to attain an increase in diffraction quality within the RH range determined. Determination of the protocol involves the variation of all parameters, including speed of dehydration, equilibration time, rehydration cycles, and the number of steps. Once a successful protocol has been defined, the final step is to cryocool the crystals. It has been found that crystals can often be directly cryocooled without the addition of cryoprotectants if all mother liquor has been removed. 54 However, if the crystals contain large solvent channels, oil or cryoprotectant solutions will need to be added before cooling. Table 1 and Figure 2 contain more specific advice for each step. The first step in a dehydration experiment is to determine the RH in equilibrium with the mother liquor of the crystal being studied. If the value to which the crystal is exposed is too high, it will dissolve, and if too low, rapid and irreversible changes in the crystal may be induced. Until recently, the equilibrium RH has been determined experimentally by placing a drop of the mother liquor in a loop and monitoring the size of the drop using image processing software. This stage of the experiment can be quite time-consuming as an initial starting point is often unknown. In order to simplify this process, we measured the equilibrium RH for a range of concentrations of the most commonly used precipitants (salts and polymers such as poly(ethylene glycol) (PEG)). The data provide a starting point for most dehydration experiments, and Raoult's law, for the equilibrium vapor pressure of water above a solution, can be used to understand the observations and make predictions for precipitant concentrations commonly in use. 55 For salts and small molecules a reasonably linear relationship between mole fraction and RH equilibrium point was found. For PEGs, increasing the molecular weight (for a given weight/weight concentration) increased the RH in equilibrium with the solution and a steep increase in RH equilibrium point with decreasing PEG concentration was observed. Measurements were also made of typical buffer solutions (100 mM) and detergents (1% (w/v)), and these were found to have an RH equilibrium point of close to 100%. Therefore, it can be concluded that only the main precipitant affects the RH equilibrium point. In order to illustrate the variation of RH equilibrium points with common precipitant concentration series, the data collected in the previous study 55 are presented in Tables 2 and 3. Using Raoult's law, 56 the equilibrium relative humidity can be predicted for many of the precipitants used in macromolecular where RH is the relative humidity, x is the mass fraction of solute, n is the molecular weight of the polymer, and m is a parameter for a polymer such that the ratio n/m is the number of segments of polymer, each of which takes up one space in the disordered lattice. We have found that a value of m = 38 Da gives the best fit to experimental data 55, 60, 61 rather than the actual value of 44 Da for PEG. Thus, m is approximately the molecular weight of the monomer, when each of the segments is a monomer. For n ≫ m the dependence on n diminishes as a function of the mass fraction x, so the relative humidity curve has a nearly universal shape for polymers of molecular mass above ca. 1000 Da. Therefore, the RH equilibrium points for all PEGs of >1000 Da will be roughly equal. As previously observed, there is a discrepancy between measured values and those predicted by theory 55 where measured values are approximately 1% higher. This is accounted for by the difficulties in acurately maintaining relative humidities above 96% and differences in the measurement environment. Nonetheless, the predicted values provide an excellent starting point for the determination of equilibrium RH points. An online calculator is available, based on the equations derived from this work, to allow users to predict the RH starting points in advance of experiments (http://go.esrf.eu/RH). In addition, a refinement strategy has been incorporated into the HC1 control software. Images of the drop are processed, and the drop size is estimated and plotted every second. The device then automatically regulates the RH as a function of the measured drop size until the drop is stable. This allows the RH to be set to a predicted value; a drop of mother liquor is then placed on a loop and its size monitored; the process takes less than 5 min. 62 has led to a renaissance of room temperature (RT) data collection with the intriguing possibility of "out running" the increased radiation damage. 63−65 It is also often advantageous to characterize diffraction quality from crystals before cryocooling in order to assess the effects of cryoprotectant solutions. The ease of mounting samples with the HC1 makes it the ideal support for RT collections as it obviates the need for a capillary and subsequent alteration of the diffractometer. Additionally, as all equipment usually available on a beamline is compatible with these experiments, this allows the use of miniKappa goniometers, 66 microspectrophotometers, 67, 68 and helical data collection to constantly expose fresh crystal volumes to reduce radiation damage. 24, 40 In addition, the background is lower than when capillary devices are used. Crystals are mounted at the equilibrium RH for the mother liquor, in the same manner as for a dehydration experiment, and the liquid can either be wicked away (by touching tissue paper to the reverse of a mesh loop) or left in order to increase the stability of the crystals.
While collecting at ambient temperature presents many difficulties compared to cryogenic data collection, it can also offer many advantages. This was the case for a protein−protein complex involved in cofactor biogenesis (A. Pearson, personal communication). Crystals had been obtained, but cryoprotection was problematic and regions of the complex were disordered in the final maps. Therefore, dehydration was attempted as a way to increase the order in the crystals. Crystals were obtained in midrange PEG solutions and were mounted at a RH of 99.5% using the HC1 on the ESRF beamline ID29. Initial assessment of images collected at room temperature demonstrated greater order with respect to cryocooled crystals without further treatment, and it was decided to collect a data set at this RH. A strategy was calculated to minimize radiation damage collecting 116°with 0.05°oscillations at 0.5% transmission of the beam (full flux, 2.24 × 10 13 photons/s) with a PILATUS 6 M detector (Dectris Ltd., Baden, Switzerland) operating at a frame rate of 25 Hz. This led to the collection of a data set to 1.6 Å of excellent quality (Table 4 ). When the density maps were inspected, it was revealed that the complete complex was visible.
Space Group Change and
Resolution Improvement. Monoclinic crystals of a viral protein from cytomegalovirus (CMV) were subjected to a controlled dehydration experiment on HZB-MX BL14.3. The initial RH was determined to be 98% by observing the size of a drop of reservoir solution. A crystal was mounted on a micromesh in an air stream of 98% RH, and excess mother liquor was removed using a paper wick. The initial diffraction extended visibly to approximately 3.0 Å. The RH was then reduced in 2% steps with a 4 min equilibration between steps. At an RH of approximately 88%, the diffraction pattern began to change, and after a further reduction of the RH to 86%, the visible diffraction extended to approximately 2.4 Å (Figure 3 ). Decreasing the RH further resulted in a decrease in diffraction quality. The crystal was then cryocooled by immersing it in liquid nitrogen, and a complete data set was collected at 100 K. The diffraction limit of this data set was 2.3 Å. The reduction of the RH from 98% to 86% led to a change in space group from monoclinic P2 1 to tetragonal P4 3 and a reduction of the unit cell volume by more than 10%. Further details are published elsewhere. 69 2.3.2.3. Anisotropy Reduction and Improved Model. Human glypican 1 core protein crystals 70 are formed as delicate fragile plates with a solvent content of 56%. After cryoprotection, the crystals display poor isomorphism with variations in the cell dimensions, in particular the c axis which varies between 147 and 155 Å. The structure of the protein was determined to 2.55 Å resolution, but the crystals diffracted anisotropically with a Wilson B factor twice as large in the c* direction than in either the a* or b* directions. The resolution in the c* direction was also limited to 2.9 Å. In addition, part of the structure of the protein was disordered and could not be traced in electron density maps. Because refinement using ellipsoidally truncated data produced by the UCLA MBI diffraction anisotropy server 71 did not give better results than using 2.55 Å anisotropic data, the latter was used for the structure determination. A systemic study using the HC1 at I911-3 72 was performed to investigate whether controlled crystal dehydration could decrease the anisotropy in the diffraction behavior of the glypican 1 core protein crystals.
Therefore, a number of parameters (dehydration rate, final relative humidity, and total incubation time) were tested for their importance in obtaining an optimal protocol for dehydration leading to a more isotropic diffracting system. After initial experiments using the standard protocol, it appeared that for this system the total incubation time is the most important factor, while the dehydration rate and final humidity seem to be less important. A slight improvement in resolution (from 2.55 to 2.46 Å) was obtained for a crystal where the humidity was decreased to 86% (from 96%) in 0.1% steps of 30 s; the crystal was subsequently flash-cooled using the CATS robot. The total dehydration time was 61 min. Although the overall resolution did not increase dramatically, the anisotropic behavior was decreased significantly and the overall quality of the data was increased accordingly. This was most prominent in electron density maps of improved quality which made it possible to place an additional 56 amino acid residues and 124 water molecules in the model (Figure 4 ). The crystal packing was affected by the controlled dehydration and a large increase in contacts between the symmetry related molecules could be observed.
2.3.2.4. DNA Conformation Change. Tetragonal (P4 3 2 1 2) crystals of a duplex DNA oligonucleotide 73 were subjected to a controlled dehydration experiment on beamline I02 at Diamond. Initial tests started at a RH of 97% (a = b = 42.9 Å, c = 39.5 Å) and ended at a RH of 74%, recording diffraction images at every 1% step. These crystals exhibited a phase transition at a RH of 84% that subsequently yielded a new stable unit cell at a RH of 74% (a . It was also possible to rehydrate these crystals by reverting to a RH of 99%, returning them to their original unit cell dimensions (a = b = 42.9 Å, c = 38.4 Å). It was possible to collect seven full data sets at room temperature from the same sample, and the structures have been successfully refined ( Figure 5 ). The structures show a partial B-DNA to A-DNA conformation change and the presence of a 51°kink when dehydrated. Further details have been published elsewhere. 74 2.3.2.5. Membrane Protein Crystal Resolution Improvement. Crystals of a homologue of the bile acid sodium symporter ASBT 35 were subjected to controlled dehydration using the protocol described here. After initial experiments, changes in unit cell parameters were observed after long dehydration runs but with no improvement in diffraction limit. An extreme dehydration protocol was then performed, decreasing from an initial RH of 98% to 45% in a single step. This large hydration difference led to an improved diffraction limit at room temperature from around 10 Å to approximately 4 Å and yielded a greatly increased resolution limit upon cryocooling. The final protocol, carried out offline, involved the immediate transfer of samples into the air stream at a RH of 45% followed by a 5 min equilibration time prior to cryocooling. This procedure led to the collection of a 1.8 Å data set. 35 Low hydration protocols could be a more common requirement of membrane proteins rather than soluble ones. Type II membrane protein crystals have very few lattice contacts between symmetry related molecules, and large areas of loose detergent contacts could allow new contacts between soluble moieties to be formed under these extreme conditions.
DISCUSSION
While the general steps for a humidity control experiment are now well-defined, little is known about the types of system that will respond well to dehydration. In order to gain insight into these processes the results in the literature from 79 systems where dehydration has had a beneficial effect have been analyzed (see Supporting Information for a list of references and the data extracted). This includes many cases where a humidity control device was not used. While the results of this analysis do not provide an answer as to which systems will be amenable to dehydration, they are nevertheless informative.
The main characteristics analyzed were the crystal system, the molecular weight of the entity crystallized, the change in RH required for the phase transition, and the starting and final resolution limits. Where RH changes were not given, they were estimated from the content of the mother liquor and dehydrating solution. The first parameter investigated was the crystal system. It has been suggested that lower symmetry space groups could be more amenable to dehydration due to fewer constraints on the unit cell parameters. 34 Plotting the crystal system of the examples against the RH change required shows that the distribution of symmetry exactly matches that of nonredundant structures in the Protein Data Bank (PDB) 75, 76 and that there is no obvious correlation between symmetry and the size of RH decrease required ( Figure 6A) . There also appears to be a much higher proportion of systems where a small change (<5%) is required. However, the change in RH is often underestimated where dehydration was performed by soaking in different solutions, as any dehydration due to evaporation will not be accounted for. Symmetry does not appear to be a factor, but molecular weight and solvent content are also factors important in crystal packing. Plotting these measures against each other and coloring by RH decrease shows some interesting trends ( Figure 6B ). Of the systems amenable to dehydration, 75% have a solvent content over 50% (the most frequent value in a distribution of PDB entries), and there are also a significant number of large complexes. This may be due to a bias introduced by the large number of challenging projects that tend to be prioritized for potential improvements in diffraction quality. A clear trend is that crystals of low molecular weight macromolecules require larger changes in RH, possibly to overcome the greater stability arising from more crystal contacts and that large complexes typically require much smaller changes ( Figure 6B ). While many beneficial changes can be induced by dehydration (symmetry increase, reduction in asymmetric unit, reduction in anisotropy, and increased homogeneity 77 ), the ultimate aim is usually to increase the resolution limit. Comparing initial and final resolution limits (when available) shows interesting features (Figure 7) . It is clear that the resolutions obtained before dehydration are lower and more widely spread than after conditioning when they cluster around 2.8 Å. The most frequent starting resolutions are around 8 and 4 Å with the final level around 3 Å. This demonstrates that when dehydration is successful, significant increases in resolution are obtained. What is clear from this analysis is that dehydration can be successful regardless of symmetry, molecular weight or solvent content and should always be attempted.
CONCLUSION
The device is now widely available and experiments have become increasingly routine to perform. However, further developments will increase the use and importance of the method. A technique that has not yet been exploited is the use of cross-crystal averaging between different hydration states. This technique can be used to improve density maps and also calculate phases for one crystal form from the phase information of another. 78−80 Low resolution phases already obtained could then easily be extended to a higher resolution data set from a dehydrated crystal form, without the need to interpret low resolution maps, a notoriously difficult process. Further automation and the introduction of new experiments could still improve the method. For example, it would be beneficial to determine a crystal's sensitivity to radiation damage at room temperature 81 before starting a dehydration protocol in order to determine how many steps can be made before the crystal will need to be changed. Recent developments in automatic crystal mounting 82−84 could move dehydration experiments into a new phase. If crystals obtained from high throughput screening could be automatically tested for their diffraction properties and then screened for susceptibility to dehydration, more systems could be identified and improvements pursued using the technique. Coupled to automatic harvesters this could also allow serial crystallography to be performed on small crystals that could be harvested in batches. 85 Despite the many potential benefits of dehydration, the technique has still only been applied to a very small number of samples. Further automation will be required to open the technique to a larger number of samples which may provide further insight into the mechanisms at work. ■ ASSOCIATED CONTENT * S Supporting Information Table containing all data and primary references for the analysis of successful dehydration experiments and video demonstrating the reversibility of loss of diffraction from dehydration. This material is available free of charge via the Internet at http://pubs. acs.org.
